To get insight into the nature of the electronic fluid in the frustration-driven charge glasses, we investigate in-plane and out-of-plane charge transport for several quasi-triangular-lattice organic systems, θ-(BEDT-TTF)2X [X=RbZn(SCN)4, CsZn(SCN)4 and I3]. These compounds host a charge order, charge glass and Fermi liquid, depending on the strength of charge frustration. We find that the resistivity exhibits extremely two-dimensional (2D) anisotropy and contrasting temperature dependence between in the in-plane and out-of-plane directions in the charge glass phase, qualitatively distinguished from the charge order and metallic states. The experimental features indicate that the frustration-induced charge glass carries an anomalous 2D-confined electronic fluid with possible charge excitations other than conventional quasiparticles.
A glass state of electrons not originating in disorder, a charge-glass (CG) state, arises from frustration in Coulomb interactions on triangular-like lattices [1] [2] [3] [4] [5] similarly to in frustrated spin systems [6] [7] [8] , and is conceptually distinguished from conventional electronic inhomogeneity as caused by randomly located dopants [9] [10] [11] . The CG was demonstrated in layered organic conductors with quasi-triangular lattices [12] [13] [14] [15] [16] through observing a charge inhomogeneity [16, 17] , an exponential slowing down of electron dynamics [12, 13] , and ergodicity breaking signified by the cooling-rate dependence and aging of resistivity [13] as well as electronic crystallization from glass [16, 18] ; all of them are among the hallmark properties of glasses [19] [20] [21] .
The organic materials, θ-(BEDT-TTF) 2 X (BEDT-TTF denotes bis(ethylenedithio)tetrathiafulvalene), have conducting layers, in which BEDT-TTFs form isosceles triangular lattices dubbed θ-type and accommodate a hole per two molecules, and insulating X (anion) layers [22] [ Fig. 1(a) ]. A strong Coulomb repulsion, V , between the neighboring molecular sites generally stabilizes a charge order (CO) [24] but does not on the isosceles triangular lattices [25, 26] . The ratio of two intersite Coulomb energies, V p /V c , a measure of charge frustration [ Fig. 1(b) ], is systematically varied with X as 0.87, 0.91 and 0.95 for X= RbZn(SCN) 4 , CsZn(SCN) 4 and I 3 (hereafter abbreviated as θ-RbZn, θ-CsZn and θ- [27, 28] . The least frustrated θ-RbZn exhibits a first-order transition into a horizontal stripe CO from a charge liquid (CL) at 200 K when cooled slowly at a rate of less than ∼5 K/min; however, a faster cooling suppresses the CO transition and gives a smooth pathway from the CL to the CG [12, 29, 30] . θ-CsZn does not exhibit the transition to the CO even when cooled slowly, e.g. at 0.1 K/min, but instead shows a continuous change from a CL to the CG similarly to the rapidly cooled θ-RbZn [13, 31, 32] . Interestingly, the most frustrated system,θ-I 3 , falls into a Fermi liquid (FL) instead of CG at low temperatures, arguably ascribable to a frustration-driven quantum melting of CG [33] [34] [35] [36] . The FL crosses over at high temperatures to a kind of CL [37] distinguished from the CL in θ-RbZn and θ-CsZn in resistivity fluctuations and X-ray diffuse scattering [33] ; the nature of CL differs whether it falls into a CG or a FL at low temperatures.
The CG shares the universal features of conventional classical glasses, but raises a significant issue connected to the quantum nature of electron. The resistivity of the CG is weakly temperature-dependent, even metallic in θ-CsZn, and several orders of magnitude smaller than that of the CO. Obviously, a naïve picture of the CG, a glassy freezing of electron dynamics that should lead to the localization of electrons, does not hold in the real CG. The puzzling transport behavior is sure to be a key to the nature of the glass formed by the quantum particles, electrons.
Here, we investigate in-plane and out-of-plane resistivities for θ-RbZn, θ-CsZn and θ-I 3 to characterize the fluidity of the CG in view of anisotropy, expecting that unusual charge excitations, if any, manifest themselves in directional dependence of transport characteristics as revealed in strongly correlated electron systems [38, 39] . A conventional metal-to-CO transition system, α-(BEDT-TTF) 2 I 3 (hereafter abbreviated as α-I 3 ) [40, 41] was also investigated as a reference of the frustration-free system. We found that the charge transport in the CG state is anomalously confined to 2D layers.
Single crystals of θ-RbZn, θ-CsZn, θ-I 3 and α-I 3 were synthesized by the galvanostatic anodic oxidation of BEDT-TTF, as described in the literatures [22, 23] . Both the in-plane and out-of-plane resistivities were measured by the four-terminal method with the electrode configurations shown in Fig. 1(d) ; the in-plane resistivity was measured with the current contacts attached on the entire sides of a crystal to ensure an uniform current flow in the crystal, whereas the out-of-plane resistivity could be precisely measured with the conventional contacts of electrodes [ Fig. 1(d) ] thanks to a huge anisotropy of re- 
sistivity.
Figures 2 shows the temperature dependence of outof-plane resistivity, ρ ⊥ , and in-plane resistivity, ρ , for the four systems. Abrupt increases in ρ ⊥ and ρ at 200 K for θ-RbZn in a slowly cooled condition (0.2 K/min) indicate a transition from CL to CO, which is suppressed by rapid cooling (4 K/min) and gives way to a smooth change from CL to CG [ Fig. 2(a) ] similarly to the behavior observed in θ-CsZn irrespectively of the cooling rate [ Fig. 2(b) ]. The nominal CL to CG transition temperature, T g , is 160-170 K for θ-RbZn [12] and 100 K for θ-CsZn [13] as the onsets of the ergodicity breaking; note that the T g has no thermodynamic sense here but defines a phenomenological temperature at which the dynamics slows down to the laboratory time scale, e.g. 10 2 s. θ-I 3 is metallic in the entire temperature range [ Fig. 2(c) ], and α-I 3 shows a clear first-ordered CO transition both in ρ ⊥ and ρ at 135 K [ Fig. 2(d The extraordinarily large values of ρ ⊥ /ρ in CG and its anomalous temperature evolution over from CL to CG are highlighted with reference to the behavior of the metallic θ-I 3 , the CO state in θ-RbZn and the nonfrustrated α-I 3 . In θ-I 3 , ρ ⊥ /ρ is 3 × 10 3 at room temperature and gradually decreases with temperature to below 1 × 10 3 in the FL regime at low temperatures [ Fig. 3(c) ], where ρ varies in proportion to squared temperature [33] . In the CO state of θ-RbZn, ρ ⊥ /ρ falls into the range of 10 3 [Fig. 3(b) ]. Note that ρ ⊥ /ρ in α-I 3 is comparable to those of θ-I 3 and the CO state of θ-RbZn, and remarkably nearly invariant across the metal-to-CO transition [ Fig. 3(d) ]. Thus, the electron transport strongly confined to the 2D layers is specific to the CG. We note that, in θ-CsZn, ρ ⊥ /ρ turns to decrease at the lowest temperatures [ Fig. 3(b) ], coinciding with steep increases in both ρ ⊥ and ρ [ Fig. 2(b) ]. This is likely related to the growing CO seeds in size (∼60Å at 5 K) and fraction as signified by the X-ray diffuse scattering of (0, k, 1/2) at low temperatures [13, 42] .
The noticeable temperature dependence of ρ ⊥ /ρ means that ρ ⊥ and ρ vary differently with temperature. θ-RbZn is nonmetallic in both of ρ ⊥ and ρ , so their behaviors are examined with the activation plots in Fig. 4 . In the CL-CG state, the temperature dependence of ρ ⊥ is well described by an Arrhenius function with an activation energy, ∆, of ∼1000 K in the form of ρ ⊥ ∝e ∆/T , whereas ρ is characterized by ∆∼300 K at the low-temperature part (Fig. 4) , indicating the strong suppression of the out-of-plane charge transport. We note that, in the CO state, ρ and ρ ⊥ show a similar activation behavior with ∆∼1300 K and 1400 K, respectively, signifying no 2D confinement (Inset in Fig. 4) . The contrasting temperature dependence of ρ and ρ ⊥ in the CL-CG state is particularly marked in θ-CsZn, where ρ behaves metallic whereas ρ ⊥ is non-metallic in temperatures of 100-300 K; the highly conductive in-plane charge transport is prohibited in the out-of-plane direction.
The CL and CG in θ-RbZn exhibit short-ranged CO domains with a wave vector of q 1 [∼(±1/3, k, ±1/4)] (k denotes negligible coherence between the BEDT-TTF layers) [12, 43] . Theoretically, the long-ranged CO with the q 1 is stabilized by a strong charge frustration on triangular lattices and retains a metallic state because the periodicity is incommensurate for the 1/4-filled band [26, 44] . In reality, the q 1 modulation is not long-ranged but short-ranged q 1 domains are formed, which simultaneously cause glass-forming behavior and itinerancy of electrons. Note that the charge domains have no correlation between the adjacent layers [45] , which should be partly responsible for the extremely 2D nature of the charge transport. The contrasting temperature depen- dences of ρ and ρ ⊥ , metallic v.s. nonmetallic, as observed in θ-CsZn may signal unconventional natures of low-energy charge excitations underlying their 2D confinement. In the Fermi liquid theory, which postulates quasiparticles as elementary excitations, the temperature dependence of out-of-plane conductivity should generally follow that of in-plane [39, 46] . Therefore, the qualitative discrepancy between the temperature profiles of ρ and ρ ⊥ suspects the conventional quasiparticle picture of the CL-CG state. The possible breakdown of the quasiparticle picture is also consistent with the fact that the metallic ρ exceeds the value of ∼1 mΩ cm deduced from k F l∼1 with l the lattice spacing, the so-called Mott-Ioffe-Regel limit for the quasiparticle transport [37] . The 2D confinement of charge transport is reminiscent of the sim-ilar behavior of the underdoped high-T c copper oxides, in which charge and spin excitations are separated in the 2D conducting layers and hardly hop between the layers with the separated degrees of freedom retained. It is intriguing if separation or fractionalization of electron degrees of freedom or some collective excitations unable to directly hop to adjacent layers are associated with the 2D confined charge excitations; further insights await theoretical investigations.
Apparently, the in-plane itinerancy of electrons in CG contradicts with the classical dynamics or freezing in glass; how do they reconcile with each other? As indicated by NMR spectra in θ-RbZn and θ-CsZn [16, 17, 47] , the charge of the molecular site in the CG and CL states is distributed continuously in magni- tude, indicating that the inhomogeneous entity responsible for the classical glass dynamics is the interactioninduced emergent "charge density instead of individual electrons. Specifically to the present systems, three-fold charge density modulations reconcile with itinerant electrons [26, 44, 48] and the itineracy is likely retained even when the three-fold modulation is short-ranged and takes on glassy feature due to the charge frustration. The classical glass dynamics of the charge density should be reflected on the behavior of the itinerant fluid through their coupling. It is theoretically suggested that itinerant fermions with long-range interactions can form a glass state, dubbed a quantum charge glass [49] . There is a general belief in the physics of soft mater that the hierarchical structure underlies the properties of conventional glass systems [51, 52] . We suggest that the electronic counterpart of the conventional glass adds the conceptually novel "quantum-classical energetic hierarchy to the physics of glass. The present results reveal highly unconventional low-energy excitations, which are strongly 2D confined and possibly distinct from the conventional quasi-particles, in the novel glass systems retaining quantum nature.
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